High-temperature flame photometry provides a simple and rapid method for estimating calcium in urine, but this method is subject to interference, especially by sodium. We have attempted to reduce these difficulties by using a mechanized Eppendorf flame photometer with a second channel and a diluting fluid containing potassium and phosphate which minimizes interference from these ions. The urine sodium concentration can be measured simultaneously and a correction made.
High-temperature flame photometry provides a simple and rapid method for estimating calcium in urine, but this method is subject to interference, especially by sodium. We have attempted to reduce these difficulties by using a mechanized Eppendorf flame photometer with a second channel and a diluting fluid containing potassium and phosphate which minimizes interference from these ions. The urine sodium concentration can be measured simultaneously and a correction made. METHOD URINE COLLECTION Urine is collected for 24 hours in bottles containing 10 ml. concentrated hydrochloric acid (or more safely, 100 ml. of approximately normal hydrochloric acid). The total volume of the urine is made up with distilled water to at least 1,500 ml. Very few urine specimens then need further dilution.
REAGENTS Analar grade reagents are used.
Stock standard calcium solution, 100 mg./100 ml. Calcium carbonate 2-50 g., previously dried at 110°C. for two hours, is dissolved in 50 ml. N. hydrochloric acid and the volume made up to 1 litre with distilled water.
Stock standard sodium chloride solution, 1,000 mEq./l. Of previously dried sodium chloride, 58-45 g., is dissolved in distilled water and the volume made up to 1 litre. Both channels are used with the appropriate filters for estimating calcium and sodium; calcium is estimated on the normal flame photometer channel, sodium on the solar cell channel. An air-acetylene flame is used as previously described for estimating calcium in plasma. Specimens are mechanically sampled by an AutoAnalyzer mark I sampler at 60 per hour and automatically diluted (approximately 1 in 50) in the special diluting fluid. (The same manifold may be used for estimating plasma, but it is most important that it is thoroughly washed out.) PROCEDURE The apparatus is warmed up for a minimum of 30 minutes by continuously sampling a solution containing calcium 40 mg./100 ml. and sodium 100 mEq./l. The deflection on the recorder measuring calcium is adjusted to approximately 90%, the deflection on the recorder measuring sodium to 50 %.
When the deflections on the recorders are stable, standard solutions of sodium 50, 100, and 150 mEq./l. are sampled. These are followed by calcium standard solutions, 0 to 40 mg./100 ml. Urine specimens are then sampled in batches of five, followed by a reference calcium standard of 20 mg./100 ml. As the standards contain 100 mEq. sodium/l., this is used to check stability on both channels. If the apparatus is clean and thoroughly warmed up, drift should not exceed 5 % in an hour.
Changes in the reference standard solutions are used to correct the estimation of each batch of urinespecimens.
(The problem of correcting for drift in auto-analysis is discussed by Thiers and Oglesby, 1964.) EXPERIMENTAL STANDARD CURVES The standard curve for calcium is linear up to 40 mg./100 ml. (Fig. 1 ). Higher concentrations of calcium have not been tested, since a calcium concentration in urine greater than 40 mg./100 ml. is uncommon when 24-hour urine collections are made up to 1,500 ml. Figure 1 also shows the extent to which a sample with a high calcium concentration can contaminate the following sample with a low calcium concentration. An error up to 1 mg./100 ml. can result. For this reason, occasional samples may need to be run again.
INTERFERENCE Pure solutions of sodium chloride give significant readings as apparent calcium. The effect is virtually linear up to a sodium concentration of 1,000 mEq./l., a mean value for apparent calcium of 0-11 mg./ 100 ml. being obtained per 10 mEq.fl. sodium. This appears to be due to a slight optical leak by the interference filter. The magnitude of the error was not affected by the presence of calcium and could not be reduced by adding sodium to the diluting fluid. considered to be due to potassium and phosphate ions. Unlike sodium, the error per unit of potassium or phosphate decreased at high concentrations of these ions. By adding potassium and phosphate to the diluting fluid, the measured increase in calcium concentration was reduced to +0 03 mg./100 ml. for every 10 mEq. of potassium/l. and to +0-016 mg./100 ml. for every 100 mg. of phosphorus/l. The error was not significantly different at calcium concentrations of 5, 10, and 20 mg./100 ml.
Magnesium sulphate, at a concentration of 200 mg./100 ml., ammonium chloride at 1 g./100 ml., glucose at 4 g./100 ml., urea at 10 g./100 ml., and creatinine at 400 mg./100 ml. had no detectable effect on the measured calcium concentration, either in pure solutions of calcium chloride or in a pooled specimen of urine. RECOVERY The recovery of calcium added to pooled urine from normal subjects and in-patients was measured. A similar effect of sodium was noted when sodium was added to solutions containing calcium S and 20 mg. %, and when added to urine.
The calcium added was equivalent to raising the urine concentration by from 4 to 20 mg./100 ml. Two separate recovery experiments were performed. The results are shown in Table II . The mean recovery of added calcium was 99-8%. Trinder (1960) . This method was modified by using 0-2 ml. urine in volumes of all reagents double those in the original method. This permitted more satisfactory estimation of calcium in high concentration. Also the 24-hour volume of some of the urine specimens was less than the 2 litres suggested in that method.
PRECISION The precision of these two methods was calculated from,the differences between duplicate estimations of 50 urines (Henry, 1964) . The coefficient of variation of the automated flame photometric method was 1-2%; that for Trinder's method was 2-2%.
DISCUSSION
Using an interference filter to measure the calcium oxide band at 620 miu, the main problem in the flame photometric estimation of urinary calcium is interference by sodium. The error may be reduced by including sodium in the standard Qalcium solutions, though no means has been found ofeliminating the error entirely. On our flame photometer, over the range of sodium concentration 0 to 200 mEq./l. this error does not exceed 1 mg./100 ml. The maximum error, therefore, is unlikely to exceed 10 to 20 mg. of calcium a day, an error unimportant for routine clinical purposes. However, if greater accuracy is required, as for calcium balance experiments, especially when the urine calcium concentration is low, the sodium concentration of the urine can be estimated, and the observed calcium concentration corrected. By using a flame photometer to estimate sodium and calcium simultaneously, little extra time is needed to make this correction.
The interference by potassium and phosphate can be reduced by using high concentrations of these ions in the diluting fluid, and by adding them to the calcium standard solutions in concentrations which are approximately average for urine. Under these conditions, the error likely to be caused by potassium and phosphate is small. All other substances tested have been found not to interfere in the estimation.
The accuracy of the method in practice was confirmed by comparisons with Trinder's method. The measure of agreement between two methods employing totally different principles for estimating calcium suggests that both methods are sufficiently accurate for the estimation of calcium in urine.
In clinical work, the estimation of urinary calcium is rarely required urgently, so that it is very suitable for batch analysis by an automated technique. The method described here has the advantages of speed and precision; pipetting, necessary in Trinder's method, is avoided; furthermore, if required, the flame photometer may be used for manual estima-
